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been used to explain many results
in the field of numerical cognition
[11], with greater overlap in the
representation the smaller the relative
numerical distance between the
numbers [12]. While the activity related
to dots did increase as a function of
magnitude it did not increase in the
same way for digits. Overall, these
results led the authors [1] to suggest
that digits and dots, in line with the
non-abstract view, ‘‘are encoded by
essentially distinct and unrelated
neuronal populations’’.
Another important finding from this
study relates to the issue of homology
between human and non-human
primates. Previous single-cell
neurophysiology in the parietal and
prefrontal cortices demonstrated the
existence of numerons — neurons that
are tuned to a specific number [13]. The
work of Eger et al. [1] suggests that the
human parietal lobes are equippedwith
neuronal substrates that follow similar
computation rules to those in the
monkey brain. But the new findings
also reveal a distinction between the
human brain and the non-human
primate brain. The results show
neurons with a preference for a given
number are distinctly organised
populations as reflected by the
successful MVPA. In contrast, single-
cell neurophysiology studies have not
yet revealed a consistent organisation
of numbers in the monkey brain.
We opened by showing that we can
play tricks with numbers. They can of
course play tricks on us too.
Numerosity is often confounded in the
real world with size and spatial extent
[4,14] (twenty apples usually take up
more space and need a bigger basket
than five apples) and in Experiments
1 and 2 of Eger et al. [1] there is
a correlation between numerical
quantity and density which may have
contributed to the results. A related
luminance-congruity effect [15] may be
present in Experiment 2 in which the
global mean luminance was equated
across quantities but this means that
for larger numerosities each individual
dot is darker and for smaller
numerosities each dot would be lighter.
Numbers, despite their platonic
associations, are never untainted by
other quantities in the world.
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Kinesin-5s help assemble the bipolar spindle by crosslinking and sliding apart
antiparallel microtubules. A recent study has uncovered a novel pathway for the
phospho-regulation of these motors.David J. Sharp* and Uttama Rath
During mitosis, multiple microtubule-
based motor proteins work together
to build the spindle and move
chromosomes on it [1]. A particularly
important subfamily of mitotic motors
is the kinesin-5s, which oligomerize
into bipolar minifilaments with paired
motor domains at opposite ends of
a central rod. Kinesin-5s perform
fundamental roles in the establishment
and/or maintenance of spindle
bipolarity — their inhibition
typically results in the formationof monopolar spindles — and are
believed to do so by crosslinking and
sliding apart antiparallel microtubules
in the spindle midzone. They also
contribute to the generation of
poleward tubulin flux and anaphase
spindle elongation, probably by
a similarmechanism. Finally, kinesin-5s
can crosslink parallel microtubules
in vitro (although they display
a preference for antiparallel
microtubules), but whether and
how this contributes to their
mitotic functionality remains
unknown [2].A study from Garcia et al. [3], as
reported in this issue of Current
Biology, sheds new light on the
phospho-regulation of this intriguing
class of motors, particularly the
Drosophila kinesin-5, KLP61F. In this
group’s continuing effort to identify
regulatory targets of the conserved
cell cycle kinase dWee1, they have
identified KLP61F as a potential dWee1
binding partner and uncover several
tyrosines in the KLP61F motor domain
as likely dWee1 phospho-acceptors.
Moreover, by expressing a non-
phosphorylatable KLP61F mutant (the
three phospho-acceptor tyrosines are
mutated to phenylalanine, referred to
as 3YF) in flies containing reduced
wild-type KLP61F, they show that
dWee1 phosphorylation of the
KLP61F motor domain may activate
the motor’s ability to drive apart
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Figure 1. A model of KLP61F phospho-regulation during spindle assembly.
Phosphorylation by Cdk1 activates KLP61F’s microtubule-crosslinking activity and targets it to the spindle. (A) KLP61F’s crosslinking activity
could attach centrosomes to the pole by linking centrosome and non-centrosome microtubules. (B) After phosphorylation by dWee1, the
KLP61F motor domains engage the microtubule, propelling the motor towards the spindle midzone along parallel microtubules. (C) Within
the midzone, KLP61F preferentially crosslinks antiparallel microtubules and uses its motor domain to slide them apart. Aspects of this model
have been adapted from [9].
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bipolar spindles — without impacting
its association with the spindle or
participation in other less understood
spindle functions.
These findings are important on
several levels. First, they represent
a potentially significant expansion of
the functional repertoire of dWee1 and
its homologues in other systems. Wee1
kinases (which include dWee1) prevent
premature entry into mitosis via the
inhibitory phosphorylation of Cdk1 [4].
By controlling the activity of KLP61F,
dWee1 could extend its reach into
mitosis and specifically impact spindle
assembly. Indeed, this fits nicely with
earlier work from the Su lab showingthat mutations in dWee1 induce a high
frequency of spindle defects not related
to the misregulation of Cdk1 [5].
Second, in an interesting twist, Cdk1
also appears to be involved in this
pathway as it targets kinesin-5s to
spindles by phosphorylating their tail
domains [6]. Thus, the relationship
betweendWee1 andCdk1 is likelymore
complex thanpreviously believed. Itwill
be interesting to follow the overlap
and divergence of the Cdk1 and Wee1
regulatory pathways as additional
Wee1 targets emerge. Finally, one of
the dWee1 phospho-acceptor
tyrosines in the KLP61F motor is
conserved among the kinesin-5s,
suggesting that this regulatoryregime may be phylogenetically
conserved.
Another, perhaps more intriguing,
aspect of the work of Garcia et al. [3]
is the location of the identified dWee1
phospho-acceptor tyrosines within the
KLP61F motor domain. To date only
one other kinesin, Drosophila KLP10A,
has been found to be phosphorylated
in its motor domain [7] (this finding
was published while the study by
Garcia et al. [3] was in press). Motor
domain phosphorylation of KLP10A
occurs within its conserved alpha-5
helix and molecular dynamics
simulations suggest that this alters
the kinesin–microtubule interface.
Similarly, the KLP61F motor domain
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R901is also phosphorylated in functionally
important structural motifs, with the
conserved phospho-acceptor tyrosine
(Y207) lying near a region of the motor
known as Switch 1. This motif is
involved in nucleotide ‘sensing’ in
that its structure is altered through
the course of the ATP hydrolysis cycle,
which may be used to orchestrate
the movement of kinesins along
the microtubule [8]. Phosphorylation-
induced structural changes in Switch 1
could conceivably be used as a means
to up-regulate KLP61F’s transport
properties, at least within the context
of the spindle. Garcia et al. [3] note that
KLP61F 3YF can bind to ATP but have
not yet measured other important
aspects of its enzymatic activity.
While the kinesin-5 motor domain
generates force and movement along
the microtubule, there is growing
evidence that kinesin-5s crosslink
spindle microtubules via their tail
domains. It has been known for some
time that Cdk1 phosphorylation of
a conserved motif in the kinesin-5 tail
known as the bim-C box regulates
spindle targeting [6,9]. More recently,
Cdk1 phosphorylation of the tail of
the vertebrate kinesin-5, Eg5, was
found to strongly enhance microtubule
binding without altering its transport
velocity in vitro [10]. Studies of
KLP61F have identified a second
microtubule-binding site within
KLP61F’s tail and shown that motorless
sub-fragments that retain the tail
crosslink and bundle microtubules
similarly to full-length constructs [2].
These data raise the intriguing
possibility that, within the spindle,
kinesin-5-mediated microtubule
crosslinkingandmotilityare functionally
distinct and separable entities.
In this vein, coulddWee1 regulate just
a subset of KLP61F’s activities related
to its motility while leaving its ability
to crosslink microtubules relatively
unaffected? Garcia et al. [3] show that,
beyond its well documented roles in
centrosome separation and spindle
bipolarity, KLP61F is also important for
maintaining the attachment between
centrosomes and spindle poles.
Drosophila embryos with reduced
levels of wild-type KLP61F show
a significant increase in the frequency
of anastral spindles (spindles lacking
centrosomes), while the expression of
3YF in this background rescues this
phenotype and, indeed, induces
spindles containing extra centrosomes
or centrosomal fragments. Thus,although dWee1 phosphorylation may
upregulate KLP61F’s ability to separate
centrosomes, it appears to have no
role in, or may even down-regulate,
KLP61F’s ancillary function in
mediating interactions between
the centrosome and pole.
Of course, without knowing how
dWee1 alters the enzymatic activity
of KLP61F, any model attempting to
explain these data is nothing more than
rote speculation. With this in mind, it
is interesting to consider what might
happen if the KLP61F motor domain
could not properly engage spindle
microtubules until its phosphorylation
by dWee1 (Figure 1). In such
a circumstance, Cdk1-phosphorylated
KLP61F motors still bind the spindle
(the 3YF mutant targets normally) and
crosslink neighboring microtubules
directly through their tail domains. Near
the poles, this could serve as a means
of attaching centrosome and non-
centrosome associated microtubules.
Since most microtubule minus-ends
comprising the pole are not attached
to the centrosome, crosslinkers of this
kind may be required to hold the
centrosome onto the pole and, indeed,
other crosslinking proteins have been
proposed to function similarly [11].
Of course, any KLP61F-mediated
crosslinking would have to be transient
as KLP61F displays rapid turnover
within spindles [12].
If the above is true, then KLP61F’s
plus-end directed motility could also
conceivably hinder its ability to
function as a spindle-pole/centrosome
crosslinker: plus-end motion
generated by engaged motor
domains would propel KLP61F
proteins toward the midzone where
they would crosslink and slide
apart antiparallel microtubules.
Perhaps there is a spatial gradient
of dWee1-phosphorylated KLP61F
motors within the spindle, increasing
with distance from the pole. However,
there is, as of yet, no evidence to
suggest that dWee1 concentrates in
the spindle midzone, associates with
spindles generally or is even active
during mitosis (phosphorylation
of KLP61F could occur during
interphase). It should also be noted
that Garcia et al. [3] report an
increase of promiscuous microtubules
that extend away from the central
spindle in the presence of 3YF. Based
on this observation, the authors
propose that dWee1 does in fact
regulate KLP61F’s role asa microtubule crosslinker, at least
within the midzone.
In sum, this very interesting work
opens a variety of new avenues for
follow-up studies. Beyond those
specifically related to KLP61F, it will be
important to determine whether this
new regulatory pathway is conserved
or specific toDrosophila, whether other
mitotic motors are similarly regulated
by dWee1 and its homologues in other
systems and how this pathway is
integrated with other regulatory
mechanisms at play within the spindle.
It will be very interesting to see how this
all shakes out.
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